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COOLING SYSTEM FOR A PORTABLE COMPUTER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[1 ] The present invention relates to a cooling system for a portable computer. 

2. Background of the Related Art 

[2] In a recently marketed notebook computer, a CPU (Central Processing Unit) 
is provided as a module and detachable from a connector installed on a main board. Since 
the CPU is provided as a module, the CPU can be upgraded or replaced if a new CPU 
module is brought to the market. According to the conventional art, upgrade was possible 
only for the desktop PC (Personal Computer). The notebook computer could not be 
upgraded because the CPU in the notebook computer was not detachable from the main 
board. However, an upgrade for a notebook computer has become possible because the 
CPU is now provided as a module. 

[3] Since the CPU is provided as a module in the notebook computer there exists 
a need for an appropriate structure of a dissipating module for dissipating heat arising from 
the CPU during operations of the notebook computer system. At the moment, since the 
heat arising from the CPU not only causes malfunction of the system but also shortens life 
of the product, a structure for swiftly emitting heat is highly required. 

[4] FIGS, la and lb are diagrams showing a structure for emitting heat in a 
notebook computer according to the conventional art. As shown in FIGS, la and lb, a 
thermal pad 12 is arranged to be touched on the upper part of a CPU 11, and a first and a 
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second dissipating plates 13 and 14 are provided. The first and the second dissipating plates 
13 and 14 are connected each other by a heat pipe 15. The reason the dissipating plate is 
divided into the first and the second dissipating pktes 13 and 14 is to make it possible to 
directly replace the CPU 11 by only disassembling the first dissipating plate 13, without 
disassembling many additional parts to perform an upgrading process for the CPU 1 1 . 

[5] In addition, a fan 1 6 for swiftly emitting inner heat to the outside is installed in 
the notebook computer. As a result, examination of a heat dissipating path in the dissipating 
structure of the conventional art shows that heat arising fi:om the CPU 1 1 during operations 
sequentially passes through the thermal pad 12, the first dissipating plate 13, the heat pipe 15, 
and the second dissipating plate 14, and is finally diverged into the inner space of the 
notebook computer. Then, the fan 16 operates to exchange the heated air at the inside with 
the cool air at the outside to cool down the inner space of the notebook computer and lower 
its temperature. 

[6] As described above, the conventional dissipating structure in a notebook 
computer has various disadvantages. In the conventional diss^ating structure of the 
notebook computer, the thermal pad 12 attached to the upper surface of the CPU 1 1 should 
stick to the first dissipating plate 13, but sticking process is cumbersome because a screw is 
used upon installation. Further, since the dissipating plate is divided into two elements 13 
and 14 that are connected by the heat pipe, heat transfer area is reduced and dissipating 
efficiency is deteriorated. In addition, a thickness of the heat dissipating system is increased. 
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[7] The above references are incorporated by reference herein where appropriate 
for appropriate teachings of additional or alternative details, features and/or technical 
background. 

SUMMARY OF THE INVENTION 

[8] An object of the invention is to solve at least the above problems and/ or 
disadvantages and to provide at least the advantages described hereinafter. 

[9] Another object of the present invention is to reduce a thickness of a portable 
computer cooling system to reduce or minimize a thickness of a portable computer using the 
cooling system. 

[10] Another object of the present invention is to provide a cooling system for use 
in a portable computer capable of increasing cooling efficiency or quantity. 

[11] Another object of the present invention is to provide a portable computer 
cooling system capable of allowing access to a modular CPU. 

[12] Another object of the present invention is to provide a portable computer 
cooling system capable of allowing limited access or access only to a modular CPU. 

[13] In order to achieve at least the above objects and advantages in a whole or in 
part, in accordance with one aspect of the present invention there is provided a cooling 
system for a portable computer that includes a frame having a heat-source connecting unit in 
a first side and having a fan housing unit in a second side, a dissipating unit on one side of 
the fan housing unit of the firame that is configured to perform heat exchange, a dissipating 
fan within the fan housing unit configured to form an air stream that would pass through the 
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dissipating unit from inside the fan housing unit, and a cooling unit coupled to the first side 
of the frame and configured to deliver heat from the heat-source connecting unit to the 
dissipating unit. 

[14] To fiarther achieve at least the above objects in a whole or in part, in 
accordance with one aspect of the present invention there is provided a cooling system for 
use in a portable computer that includes a dissipating plate having a dissipating fan in its one 
side and having a settle-down groove in its inside, a settle unit coupled to a lower surface 
inside of the settle -down groove in the dissipating plate, a micro cooling system having a 
first side coupled to an upper surface of the setde unit and a second opposite side 
configured to face a processor, wherein the micro cooling system is configured to perform 
heat exchange by repeating a cooling cycle of condensation and evaporation using a capillary 
phenomenon to transfer heat arising from the processor. 

[15] To further achieve at least the above objects in a whole or in part, in 
accordance with one aspect of the present invention there is provided a cooling system for a 
portable computer that includes a frame having a heat-source connecting unit in a first side 
and having a fan housing imit in a second side, a dissipating unit on one side of the fan 
housing unit of the frame that is configured to perform heat exchange, a dissipating fan with 
the fen housing unit configured to form an air stream that would pass through the 
dissipating unit from inside the fan housing unit, and a plate-heat pipe on one side of the 
frame and configured to deliver heat from the heat-source connecting unit to the dissipating 
pin by circulating a fluid through its inside. 
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[16] Additional advantages, objects, and features of the invention will be set forth 
in part in the description which follows and in part will become apparent to those having 
ordinary skill in the art upon examination of the following or may be learned from practice 
of the invention. The objects and advantages of the invention may be realized and attained 
as particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[17] The invention will be described in detail with reference to the following 
drawings in which like reference numerals refer to like elements wherein: 

[18] FIGS, la and lb are diagrams showing a schematic perspective view and a 
cross-sectional view, respectively, of a conventional art cooling system for use in a notebook 
computer; 

[19] FIG. 2 is a diagram showing an exploded, perspective view of a cooling 
system according to a preferred embodiment of the present invention; 

[20] FIG. 3 is a diagram showing a perspective view of a cooling system according 
to a preferred embodiment of the present invention; 

[21] FIG. 4 is a diagram showing a perspective view of joining status of a cooling 
system according to a preferred embodiment of the present invention; 

[22] FIG. 5 is a diagram showing a plan view of an exemplary micro cooling 
system according to a preferred embodiment of the present invention; 

[23] FIG. 6 is a diagram showing a cross-sectional view taken along line A-A' of 
FIG. 5; 
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[24] FIG. 7 is a diagram showing a cross-sectional view taken along line B-B' of 
FIG. 5; 

[25] FIG. 8 is a diagram showing a cross-sectional view taken along line C-C of 
FIG. 5; 

[26] FIG. 9 is a diagram showing a perspective view of a cooling system according 
to another embodiment of the present invention; and 

[27] FIG. 10 is a diagram showing a cross-sectional view taken along line D-D' of 

FIG. 9. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[28] FIG. 2 is an exploded perspective view of a cooling system for use in a 
portable computer according to an embodiment of the present invention. FIG. 3 is a view 
showing an assembled state of the cooling system of FIG. 2. 

[29] As shown in FIGS. 2-4, an embodiment of a cooling system according to the 
present invention can include a dissipating plate 100 having a settle unit 102 and a guide 
protuberance 104 on its inner groove 101, a dissipating fiin 110 joined to one side of the 
dissipating plate, a micro cooling system (MCS) 120, and a coil spring 108 and a screw 109 
for giving elastic force when the dissipating plate 100 is mounted on the CPU of the main 
board. The MCS 120 can include a lower surface coupled to the upper surface of the settle 
unit 102 of the dissipating plate 100, and an upper surface faced with the CPU 130. The 
MCS 120 is a system that preferably has a cooling cycle for performing heat exchange by 
repeating condensation and evaporation of its own using capillary phenomenon. 
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[30] As shown in FIG. 2, to cool down the CPU 130, the cooling system can 
include a heat dissipation path with the dissipating plate 100, the dissipating fan 110, and a 
micro cooling system 120. The settie-down groove 101 to which the micro cooling system 
120 and the CPU 1 30 can be joined, is provided to the inside of the dissipating plate 100 and 
a dissipating fan 110 is joined to its one side. Accordingly, heat arising from the CPU 130 in 
the inside of the dissipating plate can be emitted to the outside and preferably outside the 
portable computer. 

[31] The dissipating plate 100 can be made of aluminvim, and the settle unit 102 
can be projected to join to the CPU on the center of the settle-down groove 101. The settle 
unit 102 can be made of copper (Cu) or the like, and a screw 107 can be tapping-processed 
by being fastened to the inside from the outside. 

[32] On the upper surface of the settle unit 102, the micro cooling system 120 is 
preferably plane-contacted and settled down. The micro cooling system 120 can be made of 
copper or the like, and the micro cooling system 120 can be fixed such as by having a lower 
surface preferably braze-joined to the upper surface of the settle unit 102. 

[33] An assembly, which can be formed by integrally joining the micro cooling 
system 120 to the settle imit 102, can be fixed to the dissipating plate 100 by forming holes 
on the back of the dissipating plate 100 and fastening at the settle unit 102 with the screw 
107. By forming in advance a plurality of screw holes on the settle unit 102 through tapping 
process, screw festeniag becomes possible. As the selected position or optimum condition 
for fixing the CPU 130 on the main board, the height of the settle unit 102 may be possibly 



7 



adjusted depending on the spaces between the main board and the bottom of the dissipating 
plate 100 and the CPU. Thus, the dissipating plate 100 can surround the heat source. 

[34] The micro cooling system 120 can include a coolant injecting hole 121 and its 
inner circulation loop can be made substantially a vacuum. Then, a coolant can be injected 
and the coolant injecting hole 121 is sealed, which can complete manufacturing of the micro 
cooling system 120. 

[35] When the settle xmit 102 and the micro cooling system 120 are fixed in the 
inside of the dissipating plate 100, the micro cooUng system 120 can be settled down on a 
setde-down surface 105 of the guide protuberance 104, which can be projected right and left 
of the settle unit 102. Thus, movement of the micro cooling system 120 can be prevented. 
The guide protuberance 104 is of an exemplary " " shape and a plurality of guide 
protuberances can be installed so that the micro cooling system 120 can maintain its 
horizontal balance and prevent itself firom moving to back and forth, right and left. 
However, the present invention is not intended to be so limited as other shapes of the guide 
protuberance can be used. Further, the height of the settle-down surface 105 can be formed 
in relation to almost (e.g., an equal height) the settle unit 102. 

[36] If assembling of the cooling system is completed, the CPU 130 can be 
assembled to the cooling system as shown in FIG. 3. Then, the dissipating plate 100 can be 
reversed to be joined, as shown in FIG. 4, to the main board so that the upper surface of the 
CPU 130 may stick or be adjacent to the upper surface of the micro cooling system 120. 

[37] Then, as shown in FIG. 4, after the micro cooling system 120 has assembled 
to or thermally coupled to the CPU, the dissipating plate 1 00 can be fixed on the main board 
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(not shown) by fastening the screw 109 together with the coil spring 108 through a screw 
hole 106 formed at each comer on the back of the dissipating plate 100. However, the 
present invention is not intended to be so Umited as other coupling arrangements can affix a 
cooling system to a main board. The coil spring 108 can reduce or prevent an external 
impulse from being delivered to the CPU 130 and the micro cooling system positioned 
between the dissipating plate 100 and the main board. 

[38] In the meantime, FIG. 5 is a plan view showing an exemplary micro cooling 
system 200 according to the embodiment of the present invention. FIG. 6 is a cross- 
sectional view schematically showing a cross-section on XZ plane, taken along line A-A' of 
FIG. 5, FIG. 7 is a cross-sectional view taken along line B-B' of FIG. 5, and FIG. 8 is a 
cross-sectional view taken along line C-C of FIG. 5. 

[39] As shown in FIGS. 5 to 8, the micro coobng system 200 can be configured in 
such a way that a circulation loop of a coolant is formed in the inside of the rectangular 
housing 212. The coolant can circulate in a direction shown by the arrows and cools down 
by delivering heat of an external heat source contacting the micro cooling system 200, using 
latent heat generated upon phase change between liquid phase and gas phase. 

[40] A housing can be manufactured using a variety of materials including 
semiconductor materials such as silicon, Ga, new materials such as self assembled monolayer 
(SAM), metal such as copper (Cu) or aluminum (Al) whose thermal conductivity is excellent, 
or alloy of such metals, high molecular materials such as ceramics, plastics, and crystalline 
materials such as a diamond. In case that the external heat source is a semiconductor chip, 
i.e., a CPU, it is possible to reduce or minimize contact-heat resistance by forming a housing 
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212 using the same material as the surface material of the external heat source. Further, it is 
possible to form the housing 212 in two layers with different characteristics. Further, the 
housing 212 can be formed integrally with the surface material of the external heat source in 
the manufacturing process of the semiconductor ch^. 

[41] A coolant for use in the micro cooling system 200 according to embodiments 
of the present invention can be selected from a variety of coolants capable of generating 
phase change between liquid phase and gas phase owing to heat arising from external heat 
sources such as the CPU. For example, water or a coolant from an alcohol series has a large 
thermal capacity, and has a small contact angle due to surface tension with respect to the 
inner wall of a semiconductor material thereby causing a flowing velocity of a coolant to 
increase or become large, which is advantageous in increasing or delivering a quantity of heat 
Further, unlike a coolant from Freon series, since the coolant of embodiments of the present 
invention preferably have no problem of environmental pollution, there is no possibility that 
environmental pollution is generated even though the coolant leaks out due to a fine crack 
of the housing 212 on the circulation loop. 

[42] A circulation loop of the coolant is configured in such a way that the coolant 
can start from a coolant storing block 202 formed at one end in the inside of the housing 
212, sequentially moves through evaporation block 204 coupled to one end of the coolant 
storing block 202, a gaseous coolant moving block 206, a condensation block 208 and a 
liquid coolant moving block 210. From the liquid coolant moving block 210, the coolant 
can return back to the coolant storing block 202 again. Heat absorption by evaporation 
block 204 and heat dissipation by the condensation block 208 can be on the same or 
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opposite sides of the micro cooling system 200. Further, heat absorption or dissipation can 
be performed on both opposite sides of the micro cooling system. 

[43] The coolant storing block 202 has an appropriate volume for storing a 
predetermined amount of a coolant in liquid phase. At the exit side to which the coolant in 
the coolant storing block 202 gets out, the evaporation block 204 can be coupled, and the 
evaporation block 204 can have a plurality of first fine channels 220 arranged in one layer on 
the same plane as shown in FIG. 7. The evaporation block 204 can evaporate the coolant of 
a liquid phase filled in the first fine channels 220 into the coolant of a gas phase using heat 
absorbed from the external heat source. 

[44] Further, as shown in FIGS. 6 and 7, the depth of the first fine channels 220 is 
preferably shallower than the depth of the coolant storing block 202. In the inside of the 
first fine channels 220, the coolant of a liquid phase stored in the coolant storing block 202 
can be partially filled up to a predetermined portion of the first fine channels 220 from the 
coolant storing block 202 by the surface tension with respect to the inner wall of the first 
fine channels 220 and the capillary phenomenon. The depth or cross-sectional area of the 
first fine channels 220 can be determined in such a way that the surfece tension in the inside 
of the first fine channels 220 is larger than the gravitational force. 

[45] The cross section of the first fine channels 220 can be formed in a variety of 
shapes such as circular, rectangular, square, polygonal shapes as well as a rectangular shape. 
Further, it is possible to control intensity of the surface tension of the coolant with respect 
to the inner wall of the first fine channels 220 by increasing or reducing the cross-sectional 
area along lengthwise direction of the first fine channels 220. In addition, it is possible to 
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determine moving direction of the coolant or control moving velocity of the coolant by 
forming a plurality of grooves in the inner wall of the first fine channels 220 or installing a 
plurality of nodes so that the cross-sectional area can change along the lengthwise direction 
of the first fine channels 220. 

[46] The condensation block 208 can be formed at the position spaced lengthwise 
as much as a predetermined distance, on the same plane, from the first fine channels 220 of 
the evaporation block 204. As shown in FIG. 8, the condensation block 208 can include a 
plurality of second fine channels 222 arranged in one layer on the same plane, capable of 
condensing the coolant of gas phase that has been evaporated and moved from the first fine 
channels 220. 

[47] As shown in FIG. 8, the depth of the second fine channels 222 can be deeper 
than the depth of the first fine channels 220, but is not necessarily limited to this. In the 
inside of the second fine channels 222, the coolant of a liquid phase condensed in the 
condensation block 208 can be partially filled up to a predetermined portion of the second 
fine channels 222 by the surface tension with respect to the inner wall of the second fine 
channels 222 and the capillary phenomenon. The depth or cross-sectional area of the 
second fine channels 222 can be conventionally determined in such a way that its surface 
tension is larger than the gravitational force. 

[48] To improve a heat emission effect, a plurality of pins can be formed in the 
outside of the housing 212 adjacent to the condensation block 208. In case that a- plurality 
of the pins is formed, it may be also possible to operate to circulate the surrounding air by 
recycling the heat emitted to the outside from the condensation block 208. Further, in case 
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that a plurality of the pins is formed using a fine structure that includes thermoelectric 
element(s), it is possible to obtain energy for use in fine operation by converting the heat 
emitted from the condensation block 208 into electric energy. 

[49] Between the first fine channels 220 of the evaporation block 204 and the 
second fine channels 222 of the condensation block 208, the gaseous coolant moving block 
206 can be positioned for functioning as a path through which the coolant of gas phase can 
move. The gaseous coolant moving block 206 can have a plurality of first guides 218 for 
uniformly moving the coolant of gas phase that has been evaporated in a direction toward of 
the condensation block 208. As shown in FIG. 5, the gaseous coolant moving block 206 can 
be formed in such a way that the cross section at the entry side of the second fine channels 
222 is wider than the cross section at the exit side of the first fine channels 220 from which 
the coolant of gas phase flows out It is possible to make the coolant of gas phase condense 
in the condensation block 208 using merely the neighboring convention phenomenon, by 
forming the condensation block 208 in a larger volume than the evaporation block 204. 

[50] As shown in FIG. 5, between the second fine channels 222 of the 
condensation block 208 and the coolant storing block 202, a liquid coolant moving block 
210 can be formed through which moves the Hquid phase coolant condensed in the inside of 
the second fine channels 222. The liquid coolant moving block 210 can be separated from 
the gaseous coolant moving block 206 and the flowing directions of the coolant are different 
each other. 

[51] The gaseous coolant moving block 206 and the liquid coolant moving block 
210 can be separated thermally and physically by an insulating block 216. The insulating 



13 



block 216 can be formed in such a way that it is sealed in the inside of the housing 212 or it 
is opened at both the top and bottom of the housing 212. In case of being sealed in the 
inside of the housing 212, the insulating block 216 may maintain a vacuum state or 
preferably be filled with air or other insulating materials. 

[52] As shown in FIG. 5, the liquid coolant moving block 210 can be positioned 
symmetrically in both directions along the outer periphery on both sides of the housing 212. 
The coolant circulation loop synunetrically formed along the outer periphery of such 
housing 212 can be very advantageous formed of a thin plate shape, particularly if its aspect 
ratio of the cross section is large. In that case, heat flow conducted and diffused also to the 
radial direction can be effectively convection-diffused over a larger area. Since it can be 
advantageous in subcooling the coolant in the channel and lowering the temperature at the 
entry of the evaporation block 204 by arranging two liquid coolant moving blocks 210 along 
the peripheries of the cooling system 200, much thermal energy per unit mass flux can be 
delivered. Further, such dual direction circulation loop can be advantageous in that flowing 
of the coolant can be swiftly performed through the liquid coolant moving block 210 in one 
side even in case that the cooling system 200 is so inclined that the gravitational positions of 
the dual direction Kquid coolant moving blocks 210 are varied much with respect to each 
other and coolant circulation to the liquid coolant moving block 210 in the other side is not 
properly performed. 

[53] The liquid coolant moving block 210 can include at least a single third fine 
channels formed in such a way that the surface tension of the coolant of liquid phase with 
respect to the inner waU of the liquid coolant moving block 210 is larger than the 



14 



gravitational force lest the liquid coolant moving block 210 should be influenced by the 
gravitational force. Thus, it is preferable to form a plurality of grooves (not shown) in a 
movement direction of the coolant of liquid phase, within or on the Hquid coolant moving 
block 210 or to separate the liquid coolant moving block 210 into more than two third fine 
channels in order to reduce influence of the gravitational force. 

[54] It is also possible to additionally form a plurality of second guides (not shown) 
for guiding movement of the coolant of liquid phase at the boundary portions between the 
coolant storing block 202 and the liquid coolant moving block 210, and between the 
condensation block 208 and the liquid coolant moving block 210 so that flow can increase 
and damage generated due to rapid circling of the coolant flow can be reduced. 

[55] As described above, the coolant storing block 202 should have such proper 
volume as to supply sufficient coolant even under heat load from a variable heat source. To 
prevent rapid dry-out phenomenon at the evaporation block 204, the coolant storing block 
202 is preferably installed closely to the entry side of the evaporation block 204 so that the 
coolant can be swiftly supplied. However, when the coolant storing block 202 is installed 
too closely to the evaporation block 204, unnecessary bubble can be generated due to heat 
delivered through the bottom of the housing 212 contacting the external heat source. The 
growth of the bubble can block off the entry of the first fine channels 220 of the 
evaporation block 204. Thus, there is possibility that supply of the coolant can be stopped 
and cause dry-out of the coolant in the inside of the evaporation block 204. To reduce or 
suppress heat transfer to the coolant storing block 202, it is preferable to form the thickness 
of the bottom of the housing thin in a direction perpendicular to a direction of heat flow, for 
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example, in the range from the boundary between the coolant storing block 202 and the 
evaporation block 204, to the bottom of the housing 212 contacting the external heat source. 
For example, a groove can be formed on the bottom of the housing 212. 

[56] FIG. 9 is a diagram showing a perspective view of another preferred 
embodiment of a cooling system for use in a portable computer according to the present 
invention. FIG. 10 is a cross-sectional view taken along line D-D' of FIG. 9. 

[57] As shown in FIGS. 9 and 10, a cooling system can include a frame 330 of a 
predetermined shape that forms a framework. The frame 330 can include a heat-source 
connecting unit 331 in its one side, and the heat-source connecting unit 331 can have a 
plurality of joining bosses 332. At the joining boss 332, a joining cavity 333 is preferably 
formed in a passing through manner. The joining boss 332 is preferably a part to which a 
fastening screw is fastened for joining to the main board equipped with, for example, a heat 
source (e.g., a chip). The heat-source connecting unit 331 can be installed to directly touch 
the chip, which is a heat source, depending on design and performance conditions. 

[58] To one side of the heat-source connecting unit 331, a fan housing unit 335 
can be provided. A dissipating fan assembly 340 can be coupled to the fan housing unit 335. 
In the inside of the fan housing unit 335, a predetermined space is formed. The space 
formed by the fan housing unit 335 can be partitioned by a bottom plate 336b, a sidewall 
335s, and a plate -heat pipe 350. On the bottom plate 336b, an absorption port 336 can be 
formed through which air can enter the inner space of the fan housing unit 335. 

[59] The fan housing unit 335 preferably has a dissipating pin 337 in its one side. 
The diss^ating pin 337 can be installed at the open portion on one side of the sidewall 335s 
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of the fan housing unit 335. The air stream formed by the dissipating fan assembly 340 is 
discharged from the inner space of the fan housing unit 335 through the dissipating pin 337, 
whereby heat exchange is performed. The dissipating pin 337 can be a part for emitting the 
heat that has been delivered through the plate-heat pipe 350. Generally, the dissipating pin 
337 can be made of metal whose thermal conductivity is excellent, and designed so that heat- 
contact area with respect to air is increased or maximized. Preferably, the entry side of the 
dissipating pin 337 is installed closely to a dissipating port formed on a main machine of the 
portable computer. 

[60] In the inside of the fan housing unit 335, the dissipating fan assembly 340 can 
be installed. The dissipating fan assembly 340 provides motive force by which air is 
absorbed through the absorption port 336 and emitted through the open portion including 
the dissipating pin 337. Preferably, an axial-flow blower is used for the fan in the dissipating 
fan assembly 340,. 

[61] On the frame 330, the plate-heat pipe 350 can be installed. The plate-heat 
pipe 350 can shield the upper side of the fan housing unit 335 completely and also covers 
part of the heat-source connecting unit 331. A part of the plate -heat pipe 350 preferably 
sticks to one side of the heat-source connecting unit 331. 

[62] The plate-heat pipe 350 can be configured in such a way that a fluid circulates 
in its inside, and the fluid circulating in the inside of the plate -heat pipe 350 plays a role of 
transferring heat from one side to the other side of the heat-plate pipe 350. The plate-heat 
pipe 350 is preferably relatively thin in its thickness compared to the heat pipe of the 
conventional art. The heat pipe can be about 2mm in its thickness, however, the recently 
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developed plate-heat pipe 350 is preferably about 1mm in its thickness and can be liquid 
filled. 

[63] Operations of the cooling system for use in the portable computer as shown 
in FIGS. 9-10 will now be described. As shown in FIG. 10, the cooling system emits heat 
arising from the heat source contacting the side of the heat-source connecting unit 331, to 
the outside through the dissipating pin 337. The heat arising from the heat source can be 
delivered from the heat-source connecting unit 331 to the fan housing unit 335 through the 
frame 330 or the plate-heat pipe 350. 

[64] The heat can be delivered from the frame 330 or the plate -heat pipe 350, to 
the dissipating pin 337 since heat is generally transferred from high temperature to low 
temperature. In the preferred embodiment of FIGS. 9-10, relatively more heat quantity is 
deKvered through the plate-heat pipe 350 compared to the quantity of heat delivered 
through the frame 330 or the dissipating plate in the conventional art. Actual experiment 
shows that the plate -heat pipe 350 delivers about ten times more heat than the dissipating 
plate of the same shape made of copper of the conventional art. 

[65] In the meantime, air absorbed through the absorption port 336 from the 
outside of the dissipating module into the dissipating fan assembly 340 provided to the 
inside of the fan housing unit 335 by operation of the dissipating fan assembly 340, can be 
discharged from the dissipating fan assembly 340. Further, such absorbed air flow can be 
given heat by colliding against the back of the plate-heat pipe 350. 

[66] Then, an air stream can be formed to the dissipating pin 337 because the 
space formed in the inside of the fan housing imit 335 communicates with the outside only 
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through the dissipating pia 337 if the absorption port 336 is excluded. Preferably, the air 
stream discharged from the dissipating fan assembly 340 can coUide against the plate-heat 
pipe 350, and be is discharged to the side of the dissipating pin 337. The air discharged from 
the dissipating fan assembly 340 is not discharged to the outside through the absorption port 
336 because the absorption port 336 is a path through which the air stream formed by the 
dissipating fan assembly 340 enters or is absorbed. 

[67] The air that has been give heat from the plate -heat pipe 350 and the 
dissipating pin 337 in the fan housing unit 335 can be discharged to the outside of the 
portable computer through the dissipating port of the main machine. The frame 330 can 
form a space enclosing a heat source (e.g., chip) on the main board. 

[68] Any reference in this specification to "one embodiment," "an embodiment," 
"another embodiment," etc., means that a particular feature, stmcture, or characteristic 
described in connection with the embodiment is included in at least one embodiment of the 
invention. The appesirances of such phrases in various places in the specification are not 
necessarily all referring to the same embodiment. Further, when a particular feature, 
structure, or characteristic is described in connection with any embodiment, it is submitted 
that it is within the purview of one skilled in the art to effect such feature, stmcture, or 
characteristic in connection with other ones of the embodiments. Fxxrthermore, for ease of 
understanding, certain method procedures may have been delineated as separate procedures; 
however, these separately delineated procedures should not be construed as necessarily order 
dependent in their performance. That is, some procedures may be able to be performed in 
an alternative ordering, simultaneously, etc. 
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[69] As described above, embodiments of a cooling system for use in a portable 
computer according to the present invention have various advantages. For example, 
embodiments of a cooling system for use in the portable computer according to the present 
invention can provide a simple and light weight portable computer by making its thickness 
very thin, and increase a cooling capacity and a cooling efficiency. In addition, access to a 
CPU is directly available through the cooling system. Further, a very thin cooling system 
allows a portable computer to have a reduced thickness. 

[70] The foregoing embodiments and advantages are merely exemplary and are not 
to be constmed as limiting the present invention. The present teaching can be readily 
applied to other types of apparatuses. The descrq)tion of the present invention is intended 
to be illustrative, and not to limit the scope of the claims. Many alternatives, modifications, 
and variations will be apparent to those skilled in the art. In the claims, means-plus-function 
clauses are intended to cover the stmctures described herein as performing the recited 
function and not only stmctural equivalents but also equivalent structures. 
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